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ABSTRACT
Experiments conducted in soybean, Glycine max (L.) Merrill, fields
in 1983 and 1984 .demonstrated that damage by both adults and nymphs of
the second generation of the threecornered alfalfa hopper, Spissistilus
festinus (Say), on soybean (third generation of the year) contribute to
yield reduction.

Results indicated nymphs were responsible for 45-60%

of the total yield reduction.
The vertical beat sheet, ground cloth, and beat net techniques for
sampling £. festinus nymphs were evaluated in soybean fields utilizing
systematic and random sampling.

Based on the proportion of the

population sampled, the relative variation, and regression on subsequent
adult counts, the beat net and ground cloth techniques were determined
to be best for sampling S', festinus nymphs.
Field surveys indicated no localization of populations within a
field; therefore, random sampling across a field was determined to be
sufficient to sample S. festinus populations.

Distributional analyses

indicated nymphs to be clumped when sampled with the ground cloth or
vertical beat sheet.

Beat net sampling indicated nymphs were clumped

early in the season; however, nymphal distribution fit a poisson
(random) distribution during the second generation on soybean.
Distribution of adults appeared clumped at the beginning of each
generation's adult emergence but were generally random on subsequent
sample dates within a generation.
Thresholds for nymphs sampled with the beat net and ground cloth
techniques were established using regression analyses of nymphs on
adults and solving the equations for the known adult threshold (one per
viii

sweep).

Sequential sampling plans were developed for £. festinus adults

sampled with the sweep net and for nymphs sampled with the beat net and
ground cloth techniques.
Field insecticide efficacy studies for j>. festinus control
demonstrated the added capability of interpreting results if the nymphal
population is sampled.

Of nine insecticides evaluated, three

pyrethroids (cyhalothrin, 0.0336 kg Al/ha; fenvalerate, 0.084 and 0.112
kg Al/ha; and cyfluthrin 0.014 and 0.028 kg Al/ha) and an insect growth
regulator (buprofezin, 0.37 and 0.56 kg Al/ha) were found to provide the
best control.

Buprofezin provided the longest residual activity with

control of early instars indicated at 15 days posttreatment.

INTRODUCTION
The threecornered alfalfa hopper, Splssistilus festinus (Say), was
first noted and described by Thomas Say (1831).
reported IS. festinus as a pest of tomatoes.

Oemler (1888) first

Despite extensive research

on early season damage to soybean by S. festinus (Bailey 1975, Bailey et
al. 1970, Herzog et al. 1975, Mueller and Dumas 1975, Tugwell and Miner
1967, Tugwell et al. 1972), this insect was considered a minor pest as
recent as 1980 (Newsom et al. 1980).
Concurrent with the recent increase of hectareage planted to
soybean, populations of S. festinus have increased dramatically (Newsom
et al. 1983), and research on this insect has intensified.

Studies of

girdling damage by £. festinus indicated girdling disrupted vascular
tissue (Mitchell and Newsom 1984a) and blocked movement of assimilates
in the phloem (Hicks et al. 1984) which resulted in a nutrient sink
above the girdle (Mitchell and Newsom 1984a). Behavioral studies by
Mitchell and Newsom (1984a) indicated £. festinus fed preferentially
above girdles, thus exploiting the nutrient sink.
The site of girdling changes with plant phenology.

Girdling

occurs low on the main stem on seedlings; however, as the main stem
thickens and becomes woody, the site of girdling shifts to the lateral
branches and petioles (Bailey et al. 1970, Mueller 1980, Mitchell and
Newsom 1984a).

As pods are being filled, £. festinus also feeds on the

pedicels and peduncles of pods; however, girdling seldom occurs on these
structures (Mitchell and Newsom 1984a).
Earlier research on the economic impact of £. festinus on soybean
addressed only main stem girdling.

Layton (1983) was the first to

consider season long damage and reported the first yield reductions
associated with j5. festinus.

Sparks and Newsom (1984) evaluated the

individual effects of main stem girdling and late season damage and
found yield reductions associated with populations occurring late in the
season.

Although their work contributed to the establishment of a late

season threshold for S_. festinus, it also raised other questions
concerning management of this pest.
In Louisiana, two generations of S. festinus occur on soybean each
season (Mitchell and Newsom 1984b). The late season threshold of one
per sweep starting at pod set and continuing until leaves begin to
yellow (Tynes et al. 1984) was targeted at the second generation on
soybean.

Although the threshold level was based on research in which

the second generation was eliminated early in its development (Sparks
and Newsom 1984), inefficiency in sampling £. festinus nymphs with the
sweep net did not allow for the proper timing of control measures to
completely eliminate damage by this generation.

Management decisions

based on sweep net sampling allowed damaging populations to develop
through the nymphal instars prior to the detection of a threshold level
of one adult per sweep.

However, Mueller (1980) reported third through

fifth instar nymphs were capable of girdling soybean.

Thus, if £.

festinus nymphs are responsible for yield reduction in soybean, control
measures applied according to the present threshold are improperly
timed.
The following studies were conducted to further investigate late
season damage by S. festinus and to improve management practices for
this pest.

Specific questions addressed in these studies were:

damage by S. festinus nymphs contribute to yield reduction, 2)

1) Does
If

nymphal damage does reduce soybean yield, how should the nymphal
population be monitored and at what level should control measures
applied, 3)

Given the need to control

festinus, what control

measures are effective against both nymphs and adults.
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CHAPTER I

DAMAGE TO SOYBEAN BY THREECORNERED ALFALFA HOPPER
(HOMOPTERA: MEMBRACIDAE) ADULTS AND NYMPHS

6
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ABSTRACT
Field tests were conducted in 1983 and 1984 to determine the effect
of late season feeding damage by adults and nymphs of the threecornered
alfalfa hopper, Spissistilus festinus (Say), on yield of soybean,
Glycine max (L.) Merrill.
caused by

Damage and the subsequent yield reduction

festinus were partitioned into damage caused by nymphs

versus adults by controlling the second generation on soybean at
different stages in its development.

Results indicated nymphs were

responsible for 45-60% of the total yield reduction.

INTRODUCTION
In Louisiana, the threecornered alfalfa hopper, Spissistilus
festinus (Say), completes two generations on soybean, Glycine max (L.)
Merrill, each year (Mitchell and Newsom 1984a).

A single generation

occurs on alternate hosts in the spring prior to invasion of soybean
fields.

Adults of this generation move to soybean shortly after

seedling emergence and feed primarily on the main stem causing main stem
girdling.

This early season damage often results in death or yield

reduction of individual plants (Mueller 1980); however, main stem
girdling seldom reduces overall yield due to the ability of adjacent
healthy plants to compensate for those removed or injured (Tugwell and
Miner 1967, Tugwell et al. 1972).

Mueller and Jones (1983) reported

yield reduction occurred only if greater than 65% of the plants in a
field received a main stem girdle.

Sparks and Newsom (1984) found no

yield reduction associated with main stem girdling in Louisiana (maximum
of 42% of plants girdled) but did find significant yield reductions
associated with large populations late in the season.

After

reproductive stage R1 (Fehr et al. 1971),
girdle petioles and lateral

festinus is reported to

branches, and feed on pedicels and peduncles

of pods as seed are being filled (Mitchell and Newsom 1984b).
Research conducted by Sparks and Newsom (1984) resulted in
establishment of an action threshold (one per sweep) for the second
generation that occurs on soybean (third generation of the year) in
Louisiana.

The primary sampling technique used to monitor soybean

arthropod populations in Louisiana is the sweep net, and the threshold
was developed to utilize this sampling method.

Although the sweep net

technique effectively samples S_. festinus adults, it is ineffective for
sampling nymphs.
Mueller (1980) reported third through fifth instar nymphs are
capable of girdlingsoybean

plants.

The total duration of these three

instars is approximately 14 days (Mitchell and Newsom 1984a).

Thus,

when the sweep net sampling method is used, a potentially damaging
population of nymphs feeds for two weeks prior to emergence as adults
and detection of a threshold level.

If damage caused by nymphs

contributes to yield reduction, control measures applied according to
the present threshold are improperly timed and maximum benefit of
control is not realized.
An additional problem associated with the present management
practice involves adult reinfestation of treated fields shortly after
application of short-residual organophosphorous insecticides such as
methyl parathion.

Occasionally, reinfestation populations have been

reported to exceed the action threshold.

A question remains whether

adults which immigrate into previously treated fields are capable of
causing damage of a magnitude similar to populations which develop

9
within a field.

If substantial damage is caused by the nymphs, the

present adult threshold may require upward adjustment after an
insecticide application because reinfestation populations are comprised
entirely of adults.
This research was conducted to determine:

1) the impact of S_.

festinus nymphs on soybean yield, 2) whether adjustment of the action
threshold is needed to properly time and maximize the benefit of control
measures, and 3) the impact of reinfestation after insecticidal control
on yield.

MATERIALS AND METHODS
Three experiments were conducted in a cooperative farmer's fields
near Hamburg, Avoyelles Parish, Louisiana, in 1983 and 1984.

Late

season damage caused by S_. festinus was partitioned into damage caused
by nymphs versus adults by controlling the second generation on soybean
at different stages in the development of the population.
In 1983, two tests were conducted.

One field was planted on 29 May

with a maturity group VII soybean ('Ransom').

The second field was

planted with a group VII soybean ('Bragg') on 29 May; however, due to
stand reduction caused by flooding, the field was spot planted with a
group VI soybean ('Davis') on 12 June resulting in a mixed stand
(approximately 1:1 ratio).

Due to the delayed planting date of Davis,

phenology of both varieties coincided throughout the experiment.
Experimental plots were established in both fields on 8 August
1983.

Both tests were arranged in a randomized complete block design

with seven treatments and four replications.

Each plot was 6.1 m wide

(8, 76.2 cm rows) and 15.24 m long for a total of 92.9 m

2

per plot.

All

10
plots in both 1983 experiments received a single application of
chlorpyrifos at a rate of 0.37 kg Al/ha on 17 August to stimulate JS.
festinus population increases.
effect on

Chloropyrifos has little or no adverse

festinus when applied at this rate, and increased

populations are normally found following application (Layton 1983,
Sparks and Newsom 1984).
Applications of fenvalerate were used at different stages of S^.
festinus population development to control the insect and eliminate
portions of the late season damage.

Comparisons among treatments then

allowed for determination of damage and yield reduction caused by nymphs
versus adults.

All applications were made at a rate of 0.224 kg Al/ha

with a Weed Systems Platform Plot Sprayer model LA-300.

The treatments

and treatment dates for both tests in 1983 were as follows:
1)

St

1—

instar+:

Weekly applications were initiated when the majority

of the second generation was in the first instar (17 August) and
were continued until leaves turned yellow (14 September).

This

treatment eliminated damage by both nymphs and adults of the second
generation,
2)

st
1— instar:

A single application was made when the majority of the

second generation was in the first instar which eliminated damage
caused by nymphs and adults of the second generation but allowed for
reinfestation by adults from surrounding areas.
of

3)

1—

instar-R5:

Weekly applications were initiated when the majority

of the second generation was in the first instar and were continued
until plant reproductive stage R5 (29 August). This treatment
eliminated damage by nymphs and adults of the second generation but
allowed for reinfestation after R5.
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4)

3—

instar+:

Weekly applications were initiated when the majority

of the second generation was in the third instar (29 August) and
were continued until leaves turned yellow (14 September).

This

treatment allowed for a portion of the late season damage to occur
but eliminated part of the damage by nymphs and all the damage by
adults of the second generation,
5)

rd instar:

3—

A single application was made when the majority of the

second generation was in the third instar.

This treatment is

similar to the 3 ^ instar+ treatment but allowed for reinfestation
by adults.
6)

Adult:

A single application was made when the adult population

density reached the recommended threshold (one per sweep) (14
September) which eliminated damage by adults but allowed damage by
nymphs to occur.
7)

Check:

No application was made which allowed damage by both nymphs

and adults to occur.

Insects were monitored weekly from plot establishment until
populations declined.

S^. festinus nymphs were monitored with a version

of the vertical beat sheet (VBS) designed by Drees and Rice (1985) in
which the bottom trough width was extended to 0.3 m.

Nymphs were

transferred to a plastic bag and transported to the laboratory for
counting.

One VBS sample (0.91 m of row) was taken per plot.

Nymphs

were separated into two groups (first and second instars which are
reported to be incapable of girdling soybean, and third through fifth
instars which are capable of girdling [Mueller 1980]) and counted.
festinus adults and other insect pests were monitored with the sweep net

technique (Kogan and Pitre 1980).

Fifty sweeps were taken in each plot

with a standard 38 cm diameter sweep net with one sweep consisting of a
single pass through one row of plants.
Plant samples for girdle counts were taken late in R5 in the Ransom
field.

One meter of row of plants was removed from each plot and

brought back to the laboratory for evaluation.

The number of plants,

number of plants with a main stem girdle, number of girdled petioles,
total number of girdles, and percent of petioles girdled were determined
for each sample.
Yields were measured in each plot by harvesting the middle two rows
with a Hege small plot combine.

Yield data were adjusted to 13%

moisture prior to statistical analysis.

One sample of 100 seed was

taken from each plot for determination of seed weight.

Seed samples

were held in a closed container to allow all samples to reach equal
moisture prior to weighing.
In 1984, the same basic experimental design was utilized.

The

variety used was a maturity group VI (Centennial) planted 13 May.

Plots

were established 12 July and were the same dimensions as in 1983. All
plots were sprayed with chlorpyrifos at a rate of 0.28 kg Al/ha on
July to enhance development of

festinus populations.

18

This experiment

had the same treatments as 1983 experiments with the following
exceptions:
1)

st
the 1— instar-R5 treatment was eliminated because j>. festinus
populations generally declined shortly after termination of
insecticide applications in this treatment;

2)

ird
rd
3— instar and 3— instar+ treatments were eliminated because these
treatments served to partition only a portion of the damage by

13
nymphs (i.e. it demonstrated the effect of a late application aimed
at eliminating the nymphs) which was not an objective of this study;
3)

the adult treatment received two applications to insure no
reinfestation; and

4)

the check plot was replicated twice within each block.

st
st
The 1— instar treatments were initiated on 1 August and the 1—
instar+ treatment received its last application on 5 September.

The

adult treatment received applications on 28 August and 5 September.
Insects were monitored weekly from plot establishment until insect
populations declined.
1983 experiments.

Insects were monitored in the same manner as in

JS. festinus nymphs were counted by instar in 1984.

Other insect pests were monitored and controlled when population
increases were detected.

All plots were sprayed with chlorpyrifos (0.28

kg Al/ha) on 24 August and 5 September to eliminate an infestation of
bean leaf beetle, Cerotoma trifurcata (Forster), and with Bacillus
thuringiensis (1.12 kg form./ha) on 24 August to eliminate populations
of lepidopterous pests; these applications had no apparent effect on j>.
festinus populations.
One plant sample (1.0 m of row) was taken in each plot late in R5.
Girdle counts were determined for each sample in the same manner as in
1983.

In addition, the number of pods per meter of row were counted to

assess possible mechanisms of yield reduction (reduction in number of
pods and/or number of seeds per pod). Pod counts were categorized
according to the number of developed and undeveloped seeds per pod (i.e.
3-seeded pods with three seeds developed, 3-seeded pods with two seeds
developed, etc.).
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Yields for each plot were measured by harvesting rows three, four,
and five with a Massey-Ferguson Super 35 combine and were adjusted to
13% moisture prior to analysis.

One sample of 100 seed was collected

from each plot for determination of seed weight and processed as in
1983.
festinus population counts, girdle counts, pod counts, and seed
weights were subjected to analysis of variance to detect differences
due to treatment.

When differences were significant (P<0.05), means

were separated by Duncan's (1955) new multiple range test.

Yields were

also subjected to analysis of variance; however, comparisons were made
with contrast analyses.

RESULTS AND DISCUSSION
st
The 1— instar treatments in both studies in 1983 were timed
properly with 87 and 93% of nymphs in the first or second instars at
the time of application in the Ransom and Bragg fields, respectively
(Appendix Table 1).

E<i

However, the 3—

instar treatments were applied

early with 45 and 49% of the nymphs still in the first two instars in
the Ransom and Bragg fields, respectively.

The adult treatments in 1983

were applied when adult populations exceeded the threshold (one per
sweep; Tynes et al. 1984) (Table 1).

Many individuals of the £.

festinus population were still nymphs at the time of the adult
application (Table 2) because not all individuals emerge as adults on a
single date.

This demonstrates the difficulty in totally separating

damage by adults and nymphs.
In 1984, the adult population never reached threshold density
(Table 3).

The adult treatment was still applied to attempt to
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Table 1.

Mean density of j5. festinus adults and initiation of
3/

treatments— , Hamburg, La., 1983.

Variety

Number of S. festinus adults per 50 sweeps^
22 Aug

29 Aug

5 Sep

13 Sep

23 Sep

28 Sep

Check

25.0 a

41.8 a

29.8 a

56.3 a

62.5 a

83.5 a

Adult

30.0 a

31.3 b

35.8 a

61.0

Treatment

Ransom

1

1.8 b

4.5 b

0.3 b

2.8 b

3rd instar+

23.3 a

33.3 ab

0.5 b

"
1.5 b

3rd instar

27.3 a

38.0 ab

1.5 b

3.5 b

3.3 b

7.3 b

1st instar-R5

8.3 b

4.5 c

0.8 b

1.0 b

3.5 b

6.0 b

1st instar+

6.8 b

4.0 c

0.0 c

1.3 b

1.5 b

3.0 b

1st instar

5.0 b

12.0 c

4.5 b

9.8 b

3.5 b

8.8 b

Check

29.8 a

33.3 a

30.0 a

30.8 ab

78.0 a

65.5 a

Adult

28.3 a

26.0 a

37.5 a

53.8

3rd instar+

29.8 a

32.3 a

0.5 b

3rd instar

26.3 a

28.5 a

1st instar-R5

5.8 b

1st instar+
1st instar

Bragg

31

1.5 b

6.3 b

2.0 b

2.8 b

3.8 b

1.0 b

2-5 b

1.8 b

6.0 b

4.3 b

0.8 b

5.0 b

1.3 b

3.8 b

6.3 b

5.8 b

0.8 b

2.5 b

1.8 b

7.3 b

8.3 b

10.0 b

5.8 b

12.2 b

5.8 b

8.8 b

3/
—

Initiation of treatments are indicated by the solid vertical lines.

—^

Means within columns followed by the same letter are not
significantly different (P=0.05) according to Duncan's (1955) new
multiple range test.
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Table 2.

Mean number of _S. festinus nymphs per vertical beat sheet
cl/

(VBS) sample and initiation of treatments— , Hamburg, La., 1983.

Variety
Treatment

Number of S. festinus nymphs per VBS sample^
8/25

8/31

9/07

9/16

9/29

Check

18.8 a

11.0 a

14.8 a

16.3 a

7.8 a

Adult

20.3 a

10.8 a

17.0 a

|" 9.8 a

0.3 b

3rd instar+

16.3 ab

5.0 b

2.8 b

0.5 b

3rd instar

18.8 a

12.5 a

4.8 b

2.8 b

0.3 b

Ransom

6.8 ab

1st instar-R5

8.5 be

0.8 b

1.3 b

0.8 b

0.0 b

1st instar+

4.0 c

0.5 b

0.3 b

0.3 b

0.0 b

1st instar

8.8 be

1.8 b

0.8 b

0.3 b

0.0 b

Check

21.0 abc

12.3 ab

23.5 a

17.0 a

3.8 a

Adult

27.8 a

17.0 a

24.5 a

|" 8.0 b

3rd instar+

23.3 ab

4.0 b

0.8 c

0.0 c

3rd instar

18.8 abc

15.8 a

4.0 b

0.8 c

0.0 c

1st instar-R5

7.0 c

0.3 c

1.3 b

0.0 c

0.0 c

1st instar+

7.5 c

1.5 c

0.5 b

0.0 c

0.0 c

12.3 be

2.0 c

1.0 b

1.0 c

1.0 b

Bragg

1st instar

7.3 be

0.3 be

a/
—

Initiation of treatments are indicated by the solid vertical lines.

—^

Means within columns followed by the same letter are not
significantly different (P=0.05) according to Duncan's
(1955) new multiple range test.

Table 3.

Mean density of

a/
festinus adults and initiation of treatments— , Hamburg, La., 1984.

Number of S. festinus adults per 50 sweeps^
Jul 12

Jul 17

Jul 23

Jul 30

Aug 6

Aug 14

Aug 24

Aug 31

Sep 9

Sep 16

Check

21.8 '

18.3

20.3

22.4

13.0 a

15.4 a

30.0 a

25.3 a

9.1 a

6.0 a

Adult

20.0

15.5

18.5

17.8

14.3 a

15.0 a

25.6 a

2.5 b

0.5 c

0.5 b

1st instar

28.0

20.0

18.5

18.8

3.3 b

6.5 b

17.8 b

6.5 b

4
•>*
o

Treatment

b

3.8 a

1st instar+

20.0

26.5

15.5

24.0

2.5 b

0.5 b

3.5 c

1.0 b

0.0 c

1.0 b

a/
—

Initiation of treatments are indicated by the solid vertical lines.

—^

Means within columns followed by the same letter are not significantly different (P=0.05)
according to Duncan's (1955) new multiple range test.
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segregate damage caused by adults and nymphs.

Although this treatment

was applied at peak population density, the population declined
throughout the field shortly thereafter which resulted in little
difference in the amount of damage in the adult versus the check
treatment.
1984.

St

The 1—

instar treatments were also applied somewhat late in

st
At initiation of the 1— instar treatments approximately 88% of

the nymphs were in the first three instars; however, some .later instars
were detected in the nymph samples (Appendix Table 2).
Adult population density data indicated insecticide applications
were successful in controlling £!_. festinus (Tables 1 and 3).

Comparison

of nymph populations among treatments also indicated insecticide
applications were successful in reducing densities in treated plots
(Tables 2 and 4).

In 1983, nymph counts did not indicate reductions in

density in newly treated plots on the first sample date after initiation
of each treatment, which reflects the impact of sampling two days after
treatment.

Although the short interval between treatment and sampling

was probably sufficient time for mortality to occur, many individuals
were still attached to the plants and included in counts.

This

supposition is supported by subsequent samplings which indicated
significant (P<0.05) differences between treated and untreated plots.
This may also explain the lack of difference between the check and adult
treatments on the last nymphal sampling on 31 August 1984.

Overall,

adult and nymph counts indicated insecticide applications were
successful in controlling S. festinus; however, adult counts also
indicated reinfestation treatments were not successful.

Reinfestation

levels were low and generally were not significantly (P>0.05) different
from the population density of corresponding repeated application

Table 4.

Mean number of

festinus nymphs per vertical beat sheet (VBS) sample

3-/
and initiation— of treatments, Hamburg, La., 1984.

Number of S. festinus nymphs per VBS sample^
Treatment

Jul 12

Jul 17

Jul 24

Jul 31

Check

0.8

0.5

3.3

5.3

Adult

1.0

1.5

4.5

1st instar

1.0

1.0

1st instar+

0.5

1.0

S i/

Aug 8

Aug 16

Aug 22

Aug 31

7.8 a

6.6 b

7.9 a

2.3 a

5.0

12.3 a

11.3 a

10.5 a

f 2.3 a

3.5

6.0

0.0 b

0.5 c

1.3 b

0.0 b

3.5

7.8

0.8 b

0.0 c

0.0 b

0.0 b

—

Initiation of treatments are indicated by the solid vertical lines.

—^

Means within columns followed by the same letter are not significantly
different (P=0.05) according to Duncan's (1955) new multiple range test.
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treatments (Tables 1 and 3).
Data collected on the number of girdled petioles and total number
of girdles per meter of row indicated the treatments were successful in
establishing different levels of girdling (Table 5).

st
The 1— instar

treatments had significantly (P<0.05) less girdling than adult or check
treatments in both years.

In 1983, the adult treatment had less

girdling damage than the check treatment with the difference being
significant (P<0.05) for the total number of girdles.

In 1984, although

the adult treatment had less girdling damage, the difference was
relatively small and not significant (P>0.05).
1—

instar and 3—

In 1983, comparison of

instar treatments indicated little difference in the

amount of girdling damage.

This was expected since first and second

instar nymphs are not capable of girdling (Mueller 1980), and initiation
rd
of the 3— instar treatments was prior to most of the individuals
reaching third instar.

Analyses of early season damage variables

(number of plants and number of main stem girdles) indicated no
significant (P>0.05) differences among treatments.
Significant differences (P<0.05 in 1983, P<0.1 in 1984) in yield
were found among treatments in all three tests (Table 6).

Contrasts of

s£
st
st
rd
nymph treatments (1— instar, 1— instar+, 1— instar-R5, 3^— instar,
rd
and 3— instar+) versus the check (Nymphs vs Check in Table 6) indicated
the second field generation was responsible for significant yield
reductions in all three experiments.

The total yield reduction in the

1984 experiment was significant despite S_. festinus populations which
reached only 60% of threshold level.
Although yield reductions due to damage by adults (Adults vs.
Check in Table 6) and nymphs (Nymphs vs. Adults) were not significant at
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Table 5.

Girdling damage measurements, Hamburg, La., 1983 and 1984.

Variety
Treatment

f row—
a/
Number per meter of
Girdled Petioles

Girdles

% petioles girdled2

Ransom (1983)
Check

54.3 a

142.8 a

17.0 a

Adult

47.0 a

112.0 b

15.3 a

3rd instar+

28.8 b

68.0 c

8.9 b

3rd instar

20.3 be

43.8 cd

6.1 be

1st instar-R5

13.5 c

27.3 d

4.5 be

1st instar+

9.5 c

21.3 d

2.8 c

1st instar

13.5 c

21.5 d

4.5 be

Check

59.9 a

126.5 a

15.7 a

Adult

47.8 a

98.5 a

13.1 a

1st instar

30.8 b

54.3 b

9.1 b

1st instar+

17.5 b

30.3 b

5.6 b

Centennial (1984)

£l/
—
Means within columns followed by the same letter are not
significantly different (P=0.05) according to Duncan's (1955) new
multiple range test.

Table 6.

a/
Contrast analyses of yields, Hamburg, La., 1983 and 1984.—

Contrast
Variety

Difference

Yield (Kg/ha)

PR F

in yield

% of Total
reduction

(Kg/ha)

Nymphs

vs

Check

Ransom

3782.7

3442.4

<0.01

340.3

Bragg

3214.5

2870.1

<0.01

344.4

Centennial

2409.5

2275.0

0.02

134.5

Adults

vs

Check

Ransom

3629.4

3442.4

0.09

187.0

55.0

Bragg

3001.3

2870.1

0.38

131.2

38.1

Centennial

2285.1

2275.0

0.88

10.1

7.5

Nymphs

vs

Adults

Ransom

3782.7

3629.4

0.07

153.3

45.0

Bragg

3214.5

3001.3

0.07

213.2

61.9

Centennial

2409.5

2285.1

0.07

124.4

92.5

Multiple

vs

Single application

Ransom

3823.7

3720.2

0.14

103.5

Bragg

3297.2

3090.1

0.04

207.1

Centennial

2405.5

2412.9

0.92

-7.4

1st instar

vs

3rd instar

Ransom

3814.3

3735.6

0.25

78.7

Bragg

3295.8

3092.7

0.04

203.1

a/

Ransom and Bragg varieties represent 1983 data; Centennial
represents 1984 data.

the P=0.05 level, they were true reductions because they were the
components of the significant total yield reductions (Nymphs vs. Check).
In 1983, yield reduction due to damage by adults was 55 and 38.1% of
total yield reduction; while damage caused by nymphs was responsible for
45 and 61.9% of the total.

For reasons discussed earlier, segregation

of total yield reduction in 1984 into that caused by adults versus
nymphs was not successful, and analysis indicated nymphs were
responsible for 92.5% of total yield reduction.

Data from all three

tests indicate damage caused by nymphs results in yield reduction, and
the 1983 data suggest that nymphs cause approximately 45 to 60% of the
total reduction.
st
Comparisons of yields from single application treatments (1—
instar, and 3“

st

instar+, 1—
(Table 6).

instar) versus multiple application treatments (1—

rd

instar-R5, and 3^— instar+) gave inconsistent results

As discussed earlier, reinfestation levels were low in all

three experiments.

However, yield data indicated a significant (P<0.05)

reduction in one of the 1983 experiments (Bragg) and a definite trend
toward yield reduction in the other 1983 experiment (Ransom) (Table 6).
In 1984, yield reduction due to reinfestation did not occur despite
reinfestation levels similar to 1983 experiments.

Overall, no

definitive conclusion concerning reinfestation can be made.

However,

since adults are responsible for 40 to 55% of the total yield reduction,
reinfestation could pose a problem and warrants further research.
Phenological stage of the crop at time of reinfestation may play an
important role in the effect on yield.

The 1984 experiment utilized an

earlier maturing soybean variety than the 1983 experiments, which may
explain the difference in response to reinfestation.

The lack of
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significant levels of reinfestation in these experiments may be due
to the use of fenvalerate instead of short-residual organophosphorous
insecticides which have been used in cases where reinfestation has been
reported.

Since fenvalerate is the only insecticide presently

recommended for

festinus control in Louisiana, reinfestation may not

be a major concern.
Comparisons of 1—

instar treatments versus 3 ^ instar treatments

(Table 6) indicated the importance of proper timing of control measures.
In both experiments, the earlier treatments had higher yields although
the difference was significant in only one.
Although late season damage is known to decrease soybean yield, the
actual cause of yield reduction still has not been determined (i.e.
petiole girdling or feeding on pods).

The girdling data (Table 5)

indicated a maximum of 17 and 15.7% of the petioles girdled in 1983 and
1984, respectively.

Although the level of girdling, as measured by

percent of petioles girdled, was similar in both experiments, the yield
reduction in 1983 was more than double the reduction in 1984.

This

indicated yield reduction was affected by factors other than
petiole girdling.

Pod counts taken in 1984 (Table 7) showed more pods

st
and seed per row meter in the 1— instar treatments than in either the
adult or check treatments; however, these differences were not
significant (P>0.05).

The reduced number of pods and seeds in the adult

and check treatments indicated damage which occurred early in
reproductive stages may have reduced yield by pod abscission.

Weight of

100 seed samples (Table 7) indicated a significant (P<0.05) reduction in
seed weight in the check treatment in 1984.

The same reduction in seed

weight appeared in both 1983 experiments; however, the differences were

Table 7.

Pod counts and 100 seed weights, Hamburg,

La., 1984.

No. per meter of row

Weight (g)

Treatment

Pods^

Seed^

Check

933.4

1806.4

13.05 a

Adult

920.8

1796.3

13.33 b

ist
• 1— instar

972.3

1889.5

13.39 b

1—

978.8

1929.0

13.40 b

cl/

—

instar+

per 100 seed

Total pods with at least one developing seed.

— ^ Total number of developing seed.

not significant (P>0.05).

Seed weight data indicated damage which

occurred in the later reproductive stages may have affected yield via
seed weight reduction.

This contradicts previous reports on the

mechanism of yield reduction by £. festinus.

Sparks and Newsom (1984)

reported seed weight was not affected by S_. festinus induced injury;
however, their data indicated similar seed weight reduction trends in
one of two years.

Feeding by j3. festinus on the pedicels and peduncles

of the pods explains reduction in both pod number and seed weight, with
pod abscision occurring when the damage is inflicted on small developing
pods, and seed weight reduction occurring when feeding occurs later in
the season as seed are being filled.

Girdling damage could contribute

to both of these by depriving the plant of photosynthates (Hicks et al.
1984).

However, in light of the relatively low levels of petiole

girdling, it appears that pod feeding plays the primary role in yield
reduction.
Irrespective of the mechanism, it is apparent that both the adults
and nymphs of S_. festinus contribute to yield reduction.

Further

research on the economic impact of this insect should reflect the
importance of damage caused by all stages of S.. festinus. Although the
results of this research indicate a need to modify the threshold
established by Sparks and Newsom (1984) to account for damage by nymphs,
these results confirm their report that the second generation on soybean
is responsible for yield .reduction.

Results of the 1984 experiment

indicated the threshold level may also require adjustment since a total
yield reduction of 134.5 kg/ha occurred with population densities which
reached only 60% of the threshold.

Considering the present price of

soybeans (ca. $0.19/kg) and the cost of recommended control for jS.
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festinus (ca. $16.80/ha for an application of fenvalerate at 0.112 kg
Al/ha [Tynes et al. 1984]), the cost of control would be offset by
preventing a decrease of approximately 88.5 kg/ha (ie. the difference in
yield [88.5 kg/ha] x price of soybean [$0.19/kg] > the cost of control
[$16.80/ha]) (price estimates were obtained from the Louisiana
Agricultural Extension Service).

Thus, even at 60% of the established

economic threshold (one per sweep), properly timed control of J3.
festinus yields approximately 1.5 times the monetary input.

References Cited
Drees, B. M., and M. E. Rice.

1985.

The vertical beat sheet:

device for sampling soybean insects.

a new

J. Econ. Entomol. 78:

1507-1510.
Duncan, D. B.

1955.

Multiple range and multiple F tests.

Biometrics

11: 1-41.
Fehr, W. R., C. E. Caviness, D. T. Burmood, and J. S. Pennington.

1971.

Stage of development descriptions for soybeans, Glycine max (L.)
Merrill.

Crop Sci. 11: 929-931.

Hicks, P. M., P. L. Mitchell, E. P. Dunigan, L. D. Newsom, and P. K.
Bollich.

1984.

Effect of threecornered alfalfa hopper (Homoptera:

Membracidae) feeding on translocation and nitrogen fixation in
soybeans.

J. Econ. Entomol. 77: 1275-1277.

Kogan, M., and H. N. Pitre, Jr.

1980.

General sampling methods for

above-ground populations of soybean arthropods.

In M. Kogan and D.

C. Herzog [eds.], Sampling methods in soybean entomology.
Springer-Verlag, New York.
Layton, M. A. B.

1983.

587 pp.

Effects of the threecornered alfalfa hopper,

Spissistilus festinus (Say), on yield of soybean as determined by
use of insecticides.
Baton Rouge.

M.S. thesis, Louisiana State University,

71 pp.

Mitchell, P. L., and L. D. Newsom.

1984a.

*
Seasonal history of the

threecornered alfalfa hopper (Homoptera: Membracidae) in Louisiana.
J. Econ. Entomol. 77: 906-914.
1984b.

Histological and behavioral studies of threecornered alfalfa

hopper (Homoptera: Membracidae) feeding on soybean.

Ann. Entomol.

Mueller, A. J.

1980.

Sampling threecornered alfalfa hopper on soybean.

In M. Kogan and D. C. Herzog [eds.], Sampling methods in soybean
entomology.

Springer-Verlag, New York.

Mueller, A. J., and J. W. Jones.

1983.

587 pp.

Effects of main-stem girdling

of early vegetative stages of soybean plants by threecornered
alfalfa hoppers (Homoptera: Membracidae).

J. Econ. Entomol. 76:

920-922.
Sparks, A. N., Jr., and L. D. Newsom.

1984.

Evaluation of the pest

status of the threecornered alfalfa hopper (Homoptera: Membracidae)
on soybean in Louisiana.
Tugwell, P., and F. D. Miner.

Ibid. 77: 1553-1558.
1967.

three-cornered alfalfa hopper.

Soybean injury caused by the
Arkansas Farm Res. 16(2): 12.

Tugwell, P., F. D. Miner, and E. E. Davis.
hopper infestations and soybean yield.

1972.

Threecornered alfalfa

J. Econ. Entomol. 65:

1731-1733.
Tynes, J. S., L. D. Newsom, and D. J. Boethel.
insects.

1984.

Control soybean

Louisiana Cooperative Extension Service, Louisiana State

University Agricultural Center.

Pub. 2211.

8 pp.

CHAPTER II

EVALUATION OF SAMPLING TECHNIQUES AND DEVELOPMENT OF
SEQUENTIAL SAMPLING PLANS FOR THE THREECORNERED
ALFALFA HOPPER (HOMOPTERA: MEMBRACIDAE) ON SOYBEAN
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ABSTRACT
The vertical beat sheet, ground cloth, and beat net techniques for
sampling threecornered alfalfa hopper, Spissistilus festinus (Say),
nymphs in soybean were evaluated in field experiments utilizing
systematic and random sampling.

The beat net and ground cloth

techniques were determined to be best for sampling _S_. festinus nymphs.
The field surveys also served to determine the localization and spatial
distribution of j>. festinus nymphs and adults.
individuals was detected.

No localization of

The distribution of nymphs appeared clumped

with ground cloth and vertical beat sheet sampling throughout the season
and early in the season with beat net sampling; however, beat net
sampling indicated the nymphs fit a poisson distribution during the
second field generation.

The distribution of adults appeared clumped at

the beginning of each generation's adult emergence, but were generally
random (poisson) on subsequent sample dates.

The data collected were

utilized to develop sequential sampling plans for j>. festinus adults
based on sweep net sampling, and for nymphs with the beat net and ground
cloth sampling techniques.

INTRODUCTION
The threecornered alfalfa hopper, Spissistilus festinus (Say), is
present throughout most of the soybean production areas of the United
States and has gained pest status in much of the southeast.

j>. festinus

has two generations per year on soybean in Louisiana, and one generation
on alternate hosts prior to the emergence of soybean (Mitchell and
Newsom 1984).

The insect infests soybean fields shortly after crop

emergence and feeds and reproduces throughout the growing season.
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At present, the threshold for j>. festinus on soybean in Louisiana
is an average of one per sweep after pod set and until leaves start to
yellow (Tynes et al. 1984).

Recent research indicated this threshold

needs refinement due to inefficiency in collection of nymphs with sweep
net sampling (Chapter I).

This inefficiency allows a damaging

population to establish and develop through the nymphal stages prior to
detection; yet, the nymphs have been shown to be partially responsible
for yield reduction resulting from late season damage.

Thus, control

measures applied according to the present threshold are improperly timed
and do not maximize the potential benefit of control.

In order to

properly time application of control measures, establishment of a
threshold based on sampling nymphs is required.
A prerequsite to establishment of a threshold for j>. festinus
nymphs is the development of a rapid and precise sampling method for
this stage.

An understanding of the distribution of nymphs and adults

within a field is also necessary to develop sampling programs for each
stage.

Mueller (1980) indicated that definite voids existed in sampling

techniques for £. festinus with two of these being the determination of
spatial patterns within a field and the number of samples and sampling
sites required to adequately estimate population density.
This study was conducted to develop sampling programs for
threecornered alfalfa hopper nymphs and adults in soybean.

Specific

areas addressed included the localization (areas of high populations
within a field) and spatial distribution of the adults and nymphs, the
relative efficiency of three sampling techniques for J3. festinus nymphs,
the establishment of thresholds for £. festinus nymphs when utilizing
each of the sampling techniques, and the development of sequential
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sampling plans for nymphs and adults.

MATERIALS AND METHODS
Sampling techniques for S. festinus. Three sampling techniques for
nymphs were evaluated:
net.

the ground cloth, vertical beat sheet, and beat

The ground cloth method was conducted similarly to the description

by Kogan and Pitre (1980) with each sample consisting of 0.91 m of row
(0.455 m on each of two adjacent rows).

The vertical beat sheet

utilized was a version of the design by Drees and Rice (1985) in which
the bottom trough width was extended to 0.3 m.
sample consisted of 0.91 m of row.

Each vertical beat sheet

The beat net technique utilized the

standard 38 cm diameter sweep net; however, instead of sweeping across
rows, the sweep net was held open facing the row to be sampled at
one-half the height of the crop at a 45° angle to the ground.

The

\

plants then were struck sharply against the net three times to dislodge
,S. festinus nymphs and other arthropods into the net.
repeated at ten sites which constituted one sample.

The procedure was
Adult populations

were sampled with the standard 38 cm diameter sweep net with each sweep
consisting of a single pass through one row of plants.

Each adult

sample consisted of 50 sweeps.
Experimental design.

Surveys were conducted in a cooperative

farmer's fields near Hamburg, La.

Four fields planted with 'Centennial'

(two fields), 'Tracy M', and 'Wright' cultivars were utilized in this
study.

Each field was approximately 24.3 ha.

Two designs were utilized in sampling S^. festinus populations.
one of the Centennial fields, systematic sampling was utilized;
whereas, random samples from a localized area were taken in the other

In
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three fields.
In the systematic sampling, the 24.3 ha field was divided into 42
sampling units of equal size.

One sample per sampling technique was

taken near the center of each sampling unit on each sample date.

j>.

festinus adult populations were monitored during the initial
colonization of the field in the spring and at the time of emergence of
the first generation adults.

In all tests, timing for sampling of the

nymphs of the second generation on soybean was estimated from the
emergence of the first generation adults and the preoviposition period,
incubation period, and instar durations presented by Mitchell and Newsom
(1984) (ca. three weeks from the emergence of the previous generation's
adults). Nymphs were monitored in each test with the

beat net technique

to determine population density and confirm the estimated timing for
sampling of nymphs.

When the nymph population was estimated to be near

maximum density, they were sampled utilizing all three sampling methods.
All nymphs were counted by instar; however, analyses were conducted on
the total number of nymphs per sample.

Ground cloth samples were

counted in the field; whereas, beat net and vertical beat sheet samples
were placed in plastic bags and transported to the laboratory for
counting.

Adult populations were sampled on 3 and 22 June and on 1, 10,

and 18 July.

Nymphs were sampled on 22 June with the

beat net and

vertical beat sheet, and on 23 June with the ground cloth.
Within each of the other three fields, a 61.0 m by 61.0 m area was
divided into four plots (30.5 m by 30.5 m each) for sampling.

When the

nymph populations were estimated to be near maximum density (as
described earlier) for the first generation, each plot was sampled with
eight random samples per sampling technique (32 samples/technique/

field).

The Centennial field was sampled on 26 June with all three

techniques.

The Tracy M field was sampled with the ground cloth

technique on 27 June and with the vertical beat sheet and beat net on 28
June.

The Wright field was sampled with the ground cloth and vertical

beat sheet on 30 June and with the beat net on 1 July.

During sampling

for first generation nymphs, the ground cloth samples were counted in
the field while the vertical beat sheet and beat net samples were placed
in plastic bags and transported to the laboratory for counting.

All

counts were taken by instar; however, analyses were conducted on total
nymphs collected per sample.
Adult counts for the first generation were taken on 10 and 18 July
in the Tracy M field and on 11 and 18 July in the other two fields.
Eight random samples of 50 sweeps each were taken in each plot.
Inclement weather prevented sampling of the second generation with
all techniques in the Wright field and with the ground cloth in the
Tracy M field.

The Centennial field was sampled on 11, 12, and 13

August with the vertical beat sheet, beat net, and ground cloth,
respectively.

The Tracy M field was sampled on 12 August with the

vertical beat sheet and beat net.

All nymphal samples for the second

generation were placed in plastic bags and transported to the laboratory
for counting.

The second generation adult populations were sampled on

28 and 30 August in the Centennial and Tracy M fields, respectively.
The adult populations were sampled one week later; however, populations
had declined sharply (presumably from movement to overwintering sites
and/or alternate hosts).

These counts were not included in statistical

analyses.
Statistical analyses.

1)

Localization within a field:

The data
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collected from the systematic sample were analyzed by date for adults
and nymphs according to the location in the field.

Analyses (paired T

tests) were conducted to determine adult field invasion patterns by
comparing the north half of the field vs south, and east vs west.
Analysis of variance was performed to compare the four quadrants of the
field (NE, NW, SE, and SW). Means were separated using Duncan's (1955)
new multiple range test when the analysis of variance indicated
significant (P<0.05) differences existed.
2)

Evaluation of sampling techniques and establishment of

thresholds for S_. festinus nymphs:
in these analyses.

Data from all four fields were used

Means and coefficients of variation were calculated

for comparisons of relative efficiency of sampling techniques for
nymphs.

Regression of the nymph counts on the maximum adult counts from

each field for each generation were conducted to determine if the nymph
counts were indicative of the resulting adult populations.

The mean

number of individuals collected in the systematic sampling and the mean
number per plot from the other studies were utilized in the regression
analyses.
Thresholds for nymphs were established from the regression
equations by setting the adult population at threshold level (one per
sweep) and solving the equation for the number of nymphs captured per
sample.
3)

Frequency distribution:

Frequency distributions were evaluated

by subjecting the data from each field to the SAS program PROC DISCRETE
developed by Geaghan et al. (1983).
distributions:

The data were fit to three

poisson (random distribution), positive binomial (even

distribution), and negative binomial (clumped distribution).
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Three dispersal indices were also calculated.

The indices utilized

were the variance/mean ratio, Morisita's coefficient of dispersion
(Morisita 1962), and Green's coefficient of dispersion (Green 1966).
Finally, the data were utilized to calculate a and b of Taylor's power
law by regression of the log of the variance on the log of the mean
(Rueslnk 1980).
A)

Sequential sampling scheme:

The values calculated for a and b

of Taylor's power law were used to estimate k for adults and nymphs at
threshold densities utilizing the equation presented by Ruesink (1980).
The estimations of k were utilized to establish the decision lines for a
sequential sampling plan based on a negative binomial distribution as
described by Shepard (1980).

In cases where a random distribution was

determined to adequately describe the population, the decision lines
were established using the equations for sequential sampling based on a
poisson distribution (Shepard 1980).

RESULTS AND DISCUSSION
Localization within the field.

Immigrating adult populations

showed a slight degree of localization on the first sample date (6.2
adults per 50 sweeps in the north half of the field and 4.2 adults per
50 sweeps in the south) (t=2.25, df=40, P=0.03); however, no difference
(P>0.05) was found for adult population location on any of the
subsequent sample dates.

All three sampling techniques showed a trend

for higher populations of nymphs in the north half of the field;
however, the difference was significant (t=2.06, df=39, P=0.046) with
the beat net sample only (Table 1).

No explanation for these

differences was apparent since the field was bordered on all sides by

Table 1.

Mean population density of _£>. festinus nymphs by

field location, Hamburg, La., 1985.

a/
Mean no. nymphs per sample —
Location

VBS— ^

Ground cloth

Beat net

North

1.6 a

5.0 a

10.0 a

South

1.1 a

3.6 a

7.0 b

NE

1.6

5.2

NW

1.2

5.0

9.7 ab

SE

1.4

3.8

8.6 ab

SW

0.9

4.3

5.0

11.0 a

b

—3 / Separation of means for N vs S are by T-test (P=0.05);
quadrant means followed by the same letter are not
significantly different at the P = 0.05 level (Duncan's
[1955] new multiple range test).
— ^ Vertical beat sheet samples.
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soybean fields.
Although some localization of the S^. festinus population was
observed, differences in population density were small and were not
evident by the end of the first generation.

Therefore, localization of

populations would not influence a sampling plan for this insect, and
random sampling of a field should suffice to estimate the population
density.
Evaluation of sampling techniques and establishment of thresholds
for S. festinus nymphs. Means and coefficients of variation for each
sample date and sampling technique are presented in Table 2.

Beat net

sampling collected more nymphs per sample on four of the five dates that
all methods were used and also had the lowest coefficient of variation
on four of the five dates.

The vertical beat sheet had the lowest mean

catch and the highest coefficient of variation on the dates that all
three methods were used.

The higher catch per sample for the beat net

and ground cloth indicates that a larger proportion of the total
population was sampled.

The lower coefficients of variation associated

with these two techniques indicates that the sample to sample variation
was less than that associated with the vertical beat sheet; therefore,
fewer samples are required to accurately estimate the population mean.
Regression of nymphs to adults indicated that the coefficients of
2

determination (r ) were highest for the ground cloth and beat net
techniques (Table 3).

Considering the amount of natural variation

associated with sampling insects in soybean and the possible field to
field variation in mortality of nymphs, both of which could act to
2

reduce the coefficient of determination, the r

values for the beat net

and ground cloth were sufficiently high to indicate a good correlation
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Table 2.

Mean number of J3. festinus nymphs per sample and coefficient

of variation by sampling technique, Hamburg, La., 1985.

Field

Mean no. nymphs/sample and coefficients of variation
a/
VBS-

S. festinus
generation

Mean

Beat Net

Ground Cloth

CV

Mean

CV

Mean

CV

5.2

47.4

13.3

44.6

9.5

41.6

13.5

43.7

17.5

28.3

26.1

37.3

First

4.1

62.4

10.9

30.5

7.4

59.0

Second

7.3

46.3

6.9

42.4

6.1

55.7

13.7

46.4

11.5

53.6

8.5

55.4

4.3

77.8

Centennial (Random sample)
First
Second
Tracy M

Wright
First

Centennial (Systematic sample)
First

1.3

—9 / Vertical beat sheet.

103.0

41
Table 3-

Regression of j>. festinus nymphs on adults, Hamburg, La.,

1985.

Threshold
a/
Intercept —

x no./sample

N

Slope ± SEM

Ground Cloth

17

2.36 ± 0.30

27.62

0.80

9.49

VBS

21

4.28 ± 0.87

24.02

0.56

6.07

Beat Net

21

4.83 ± 0.65

-5.54ns

0.74

Beat Net —

21

4.42 ± 0.19

—

ns;

—^

Vertical beat sheet,

c/
—

Regression forced through the origin.

r

2

Sample method

value is not different from zero at 0.05 level.

11.30

between the nymph counts and the populations which developed within the
fields as indicated by the adult counts.
The intercept value for the beat net technique was not
significantly (P>0.05) different than zero; therefore, the regression
was forced through the origin.

Thresholds for nymphs for each sampling

technique were calculated utilizing the regression equations and the
values are presented in Table 3.
Frequency distribution. Analyses performed by PROC DISCRETE
demonstrated the nymphs to fit the clumped distribution most often.

All

samples taken with the beat net and ground cloth and 80% of the samples
taken with the vertical beat sheet fit the negative binomial.

The

poisson distribution fit 40, 33, and 20% of the samples taken with the
beat net, vertical beat sheet, and ground cloth, respectively.
samples fit the positive binomial.

No nymph

Adult populations fit the clumped

distribution on 77% of sample dates and the random distribution on 54%
of the sample dates.

One adult sample fit the positive binomial

distribution.
The three distribution indices agreed on all but one of the
sampling dates on which the variance/mean ratio indicated a random
distribution for nymphs sampled with the vertical beat sheet and
Morisita's and Green's indices indicated a clumped distribution.

Due to

the level of agreement between the indices, only Morisita's 1^ is
presented (Tables 4 and 5).

Ig has a value of one if the distribution

is random and greater than one if the distribution is clumped.

If all

individuals sampled occur in a single sample (maximum clumping), 1^
reaches its maximum which is equal to the number of samples taken.
Therefore, in this study, the maximum possible values for 1^ were 42 and

Table 4.

Morisita's coefficient of dispersion for _S. festinus

nymphs, Hamburg, La., 1985.

a/
Sampling technique —

Field
S. festinus generation

Beat net

Ground cloth

VBS— ^

Centennial
First

1.12 *

1.06 *

1.03

Second

1.02

1.09 *

1.11 *

First

1.00

1.21 *

1.14 *

Second

1.03

Tracy M

1.08 *

Wright
First

1.14 *

1.20 *

1.14 *

1.18 *

1.37 *

1.31 *

Distribution study
First

S/
—

Values followed by an asterisk are significantly different
(P<0.05) than 1.0 and indicate a clumped distribution.

—^

Vertical beat sheet.

Table 5.

Morisita's coefficient of dispersion and mean

population density for S^. festinus adults, Hamburg, La.,
1985.

Sampling design
Variety

Date

I

6

- b/
x —

Systematic sampling
Centennial

3 Jun
22 Jun
1 Jul

1.16 *

5.2

1.07

5.0

1.03 *

23.7

10 Jul

1.01

32.9

18 Jul

0.99

18.7

11 Jul

1.01

60.0

18 Jul

1.01

32.8

28 Aug

1.02 *

89.1

10 Jul

1.03 *

35.0

18 Jul

1.01

30.6

30 Aug

1.03 *

34.2

1.1 Jul

1.02 *

56.0

18 Jul

1.03 *

44.3

Random samples
Centennial

Tracy M

Wright

—

,

Values followed by an asterisk ;are significantly
different (P<0.05) than 1.0 and indicate a clumped
distribution.

—^

Mean number of adults per 50 sweeps.
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32 for the systematic sample and the random samples, respectively.
Although Ig indicated a clumped distribution for nymphs for all the
ground cloth samples and for 83% of the vertical beat sheet samples, it
indicated a clumped distribution for only 50% of the beat net samples
and a random distribution for the other 50% (Table 4).

The apparent

reduction in clumping detected with the beat net technique is probably
due to this method sampling a slightly larger area than the other two
methods.

Although the population exhibited a clumped distribution in

most cases, the level of clumping was relatively small as evidenced by
the small values for I. for all sampling techniques.
o

Finally, the value

for b of Taylor's power law indicated a random distribution (b not
significantly (P>0.05) different from 1.0); however, values ranged from
1.22 to 1.26 which indicated a trend toward clumping (i.e. b>1.0).
Ig indicated a clumped distribution for the adult population on
53.8% of the sample dates, and a random distribution on the remaining
46.2% (Table 5).

For those dates when the population appeared clumped,

subsequent samples within a generation generally appeared random.

This

may have resulted from movement of adults within the field resulting in
a less clumped distribution over time.

The inability of callow adults

to readily disperse may explain the clumping detected on sample dates
early in adult emergence.

Even though adults appeared clumped on most

t

sample dates, the level of clumping is low as evidenced by the low
values of Ig.

The small amount of clumping detected with adults may be

partially due to the sampling method because the sweep net method
samples from a relatively large area.

The value for b of Taylor's power

law indicated a random distribution (b not significantly (P>0.05)
different from one) for adults with a value of 1.12.
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Sequential sampling plans. The vertical beat sheet was eliminated
from consideration for development of sequential sampling plans because
of the relatively few individuals sampled, the high coefficient of
variation, and the low coefficient of determination.

Sequential

sampling plans were developed for _S. festinus nymphs with both the beat
net and ground cloth sampling techniques and for adults sampled with the
sweep net technique.

Sampling plans for nymphs were established using

the equations presented by Shepard (1980) for a species exhibiting a
negative binomial distribution.

Because nymphs exhibited a random

distribution for 50% of the beat net samples and for both of the beat
net samples taken during the second generation, which is the generation
targeted for sampling and control in Louisiana (Sparks and Newsom 1984),
a sequential sampling plan utilizing beat net sampling and based on a
randomly distributed population (poisson) was also developed and
presented for comparison.

The beat net sequential sampling plan based

on the negative binomial could be utilized for sampling during the first
generation and for a conservative sampling of the second generation.
However, for practical purposes, such as monitoring for management
decisions, the second generation nymphs could be sampled utilizing the
beat net sequential sampling plan based on the random distribution.
A sequential sampling plan for adults was developed using the
equations for a population distributed according to a negative binomial
(Shepard 1980).

Although adults appeared randomly dispersed on nearly

half of the sample dates, the negative binomial was selected for use in
developing the sequential sampling plan since it allows for a
conservative sampling with little added effort in this case due to the
low level of clumping indicated by the value of k (Table 6).
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Table 6.

Values calculated for establishment of decision lines for
g

sequential sampling plans for JS. festinus nymphs and adults. —

/

Stage
Distribution
Sampling
technique

k at
Threshold

threshold

9.49
11.30

b

h

10

8.94

33.57

10

12

10.96

28.96

10

12

10.97

16.15

40

50

44.74

21.54

*1

x2

5.79

8

13.82

Nymphs
Neg. binomial
Ground cloth
Beat net
Foisson
Beat net

11.30

Adults
Neg. binomial
Sweep net

50.00

70.77

x^ = lower decision level mean density of _S. festinus nymphs.
X£ = upper decision level mean density of S_. festinus nymphs,
b = slope of decision lines.
h = intercept of decision lines (positive for the upper decision
line and negative for the lower decision line).
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The log-log regression analyses for determination of a and b of
Taylor's power law established a to equal 0.96, 1.16, and 1.61 for the
beat net, vertical beat sheet, and ground cloth techniques,
respectively.

The values for b were calculated as 1.22 for the ground

cloth and vertical beat sheet techniques, and 1.26 for the beat net
technique.

These values were used to calculate the density dependent k

at threshold (x) for each sampling technique according to the equation
presented by Ruesink (1980):
x
k = ---------

.

- b-1
ax
- 1
This value was utilized in determining upper and lower decision lines
for a sequential sampling plan.

The mean population decision levels

were determined by the thresholds calculated from the regression
analyses with the upper decision threshold determined by rounding the
threshold estimateup to the
threshold was

next integer (Table 6). Thelower

decision

setat a value equal to approximately 80% of theupper

threshold.
The values calculated for k and the mean density for upper and
lower decision levels were utilized in establishing decision lines for
sequential sampling plans (Shepard 1980).

The decision lines were

established based on the following equations:
d.^ = bn + h^ (lower line)
= bn +

1*2

(upper line)

where d, „ are the cumulative number of £. festinus nymphs collected in
A9 *

a given number of samples (n). This will establish parallel lines with
a slope of b and intercepts of h^ and t^.

The values for slope and
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intercept were calculated with the equations presented by Shepard (1980)
and are presented in Table 6.

The intercept values differed only in

sign (±) and, therefore, are presented as a single value.

Risk levels

of a=0.05 and 8=0.05 were assumed in establishing the decision lines.
The sequential sampling plans for nymphs are presented graphically
in Figs. 1 (ground cloth) and 2 (beat net) for a range in number of
samples from 0 to 30 (tabular forms are presented in Appendix Tables 3
and 4).

A decision may be reached at any point within this range by

plotting the cumulative catch against the number of samples taken.

In

Fig. 2, two points are indicated which serve to illustrate the effect of
the distribution used in establishing the decision lines.

At points A

and B in Fig. 2, if a distribution based on the negative binomial is
assumed, these two points fall between the upper and lower decision
lines and the sampler would be required to continue sampling.

However,

if a poisson distribution is assumed, a decision is reached at both
points (i.e., at A the decision is to treat and at B not to treat).
With both distributions the risk of making a wrong decision is constant,
and the differences in making a decision at points A and B are
associated with the distribution assumed and the amount of variation
associated with sampling populations which exhibit each of these
distributions.
The average number of samples required to reach a decision using
the sequential sampling plans at given population levels are presented
in Table 7.

The number of samples was established by assuming a

constant catch per sample equal to the designated population density and
calculating the number of samples necessary to reach a decision.

The

average number of samples needed is lower for beat net sampling than for

300

CUMULATIVE CATCH

250
TREATMENT
REQUIRED
200

150
100
TREATMENT
NO T REQUIRED

50

20
25
lO
15
N U M B E R OF SAMPLES T A K E N
Fig. 1.

Sequential sampling plan for

technique.

festinus nymphs utilizing the ground cloth sampling

350
300
g

250

^ 200
3

150

S

5 ioo
TREATMENT
N OT REQUIRED

50
O

5

10

15

20

25

N U M B E R OF SAMPLES T A K E N
Fig. 2.

Sequential sampling plan for £. festinus nymphs utilizing the beat net sampling technique.

Solid lines indicate the decision lines for a negative binomial distribution.
indicate the decision lines for a poisson distribution.

Dashed lines

Table 7.

Average number of samples required to reach a decision with sequential

sampling for S^. festinus nymphs and adults.

Avg. no. of samples required to reach a decision
_______________ Nymphs —

Population level

Upper decision threshold

Ground cloth

_______ Beat net______

Neg. binomial

Neg. binomial

Sweep net

Poisson

Neg. binomial

(10)

(12)

(12)

(50)

32

28

16

5

1.5X threshold

6

5

3

1

2X threshold

4

3

2

1

(8)

(10)

(10)

(40)

Threshold

Lower decision threshold
Threshold

36

31

17

5

.75X threshold

12

9

5

2

7

5

3

1

.5X threshold

a/
—

Adults —

Numbers in () indicate the decision threshold density (number per sample)
utilized in establishing the decision lines.
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ground cloth sampling since beat net sampling has less variation.
Furthermore, if a poisson distribution is assumed (as is the case with
the second generation), instead of a negative binomial, the number of
samples is reduced by approximately half.
In selecting either the ground cloth or beat net for use in a
sampling program for jJ. festinus nymphs, the cost of sampling should be
considered.
two reasons:

This has not been addressed in the previous discussion for
the cost in time per sample is approximately the same for

both methods, and other costs will vary from individual to individual.
Obviously, an individual sampling with a ground cloth for other
arthropods could sample for JS. festinus nymphs with little additional
cost; likewise, an individual sampling soybean arthropods with the sweep
net could utilize the beat net technique at less cost.
The sequential sampling plan for £. festinus adults is presented
graphically in Fig. 3 (tabular form is presented in Appendix Table 5).
The average number of samples required to reach a decision at given
population levels is presented in Table 7.

Sampling for adults requires

fewer samples to reach a decision than sampling for nymphs, and at
population densities greater than threshold the number of samples taken
will be determined more by the minimum number of samples recommended per
field (five locations per field (Tynes et al. 1984)) than by the
sequential sampling plan.
Mueller (1980) indicated that three obvious voids existed in
sampling techniques for S^. festinus. The first of these was the
correlation of insect populations with incidence of girdling, which was
partially addressed by Sparks and Newsom (1984).

The remaining voids

mentioned were "determination of spatial patterns within the field

500

450

CUMULATIVE CATCH

400

TREATMENT
REQUIRED

350
300
250
200

150
100

TREATMENT
NOT REQUIRED

50
1

2

3

4

5

6

7

8

9

10

N U M B E R OF SAMPLES TA K E N
Fig. 3.

Sequential sampling plan for £. festinus adults.

Each sample consists of 50 sweeps with

a standard 38 cm diam. sweep net with a sweep consisting of.a single pass through a single row of
soybean.
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relative to insect stage and numbers, plant growth stages, and seasonal
variation; and the number of samples and sampling sites required to
adequately estimate populations", which were addressed in this
experiment.

Information acquired in this study added to the basic

understanding of _S. festinus ecology, and has resulted in the
development of thresholds and sampling programs for nymphs which should
improve management of this pest.
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CHAPTER III

IMPORTANCE OF SAMPLING NYMPHS IN THE EVALUATION OF INSECTICIDES FOR
THREECORNERED ALFALFA HOPPER (HOMOPTERA: MEMBRACIDAE) CONTROL

58

59

ABSTRACT
Results of a field insecticide efficacy study for control of the
threecornered alfalfa hopper, Spissistilus festinus (Say), in soybean,
Glycine max (L.) Merrill, indicated that sampling of nymphs allows for a
more complete interpretation of efficacy test results than sampling of
adults alone.

Of the nine insecticides evaluated, three pyrethroids

(cyhalothrin, 0.0336 kg Al/ha; fenvalerate, 0.084 and 0.112 kg Al/ha;
and cyfluthrin, 0.014 and 0.028 kg Al/ha) and an insect growth regulator
(buprofezin, 0.37 and 0.56 kg Al/ha) were found to provide the best
control.

Buprofezin had the longest residual activity with control of

first and second instars as late as 15 days posttreatment.

INTRODUCTION
The threecornered alfalfa hopper, Spissistilus festinus (Say), is a
late season pest of soybean in Louisiana (Sparks and Newsom 1984).
Previous research on this insect has not demonstrated any immediate
possibilities for control other than chemical.

Insecticide efficacy

studies on j>. festinus have generally measured efficacy of treatments by
monitoring the adult population.

However, recent research by Sparks and

Boethel (Chapter I) indicated both adults and nymphs contribute to yield
reduction.

With a shift in the target of control tactics from adults to

nymphs, evaluation of efficacy based on the nymphal population may be
necessary.

Monitoring the mobile adults may give inconsistent or

incorrect results.

Adults readily move about the canopy, which

increases the amount of insecticide contacted, and thus, effective
control of adults may be detected at a rate which would not be effective
against the less mobile nymphs.

Adult movement could mask the initial
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effectiveness of short residual insecticides by reinfestation of plots
prior to evaluation.

Adult movement into plots could be a particularly

serious problem if the efficacy evaluation was conducted shortly after
adult emergence because residual activity could be masked by a recent
immigration of adults.

However, adult counts are also important in

evaluating insecticides because reinfestation problems have been
reported by county agents and crop consultants; thus, it would be
beneficial to identify compounds which prevent reinfestation.
The objectives of this study were to determine whether efficacy
tests for control of S^. festinus can be more effectively interpreted by
sampling nymphs and to evaluate the efficacy of selected insecticides
against nymphs and adults of _S. festinus.

MATERIALS AND METHODS
The experiment was conducted in a farmer's field near Hamburg,
Avoyelles Parish, Louisiana in 1985.

Plots measuring 15.2 by 6.08 m

(eight rows with 76 cm spacing) were established in a field planted with
the soybean variety 'Centennial.'

The experimental design was a

randomized complete block with four replications of 13 treatments.
Insecticides were applied with a CO^ pressurized backpack sprayer at a
2
pressure of 2.1 kg/cm with 8002 nozzles and calibrated to deliver 131
liters of water/ha.
Plots were established and treated on 7 August.

Treatments

consisted of two organophosphorous insecticides (azinphosmethyl 2.0 EC,
0.28 kg Al/ha; and methyl parathion 4.0 EC, 0.56 kg Al/ha), five
pyrethroids (fenvalerate 2.4 EC, 0.084 and 0.112 kg Al/ha; cyfluthrin
2.0 EC, 0.028 and 0.014 kg Al/ha; permethrin [Ambush 2.0 EC and Pounce

61
3.2 EC], 0.084 kg Al/ha each; and cyhalothrin 1.0 EC, 0.034 kg Al/ha),
two insect growth regulators (diflubenzuron 25 WP, 0.035 kg Al/ha, and
buprofezin 50 WP, 0.37 and 0.56 kg Al/ha), and an untreated check.
The organophosphorous insecticides, pyrethroids, and diflubenzuron
were selected on the basis of present use or projected use on soybean.
Buprofezin was selected because of activity against a variety of pests
in the order Homoptera (Heinrichs et al. 1984, Naba et al. 1983) and
inactivity against predators of various pests (Heinrichs et al. 1984,
Kashio 1983).

Due to a limited supply of chemical, buprofezin

treatments were replicated only three times.
The development of the

festinus population was monitored prior

to application of treatments, and treatments were applied prior to the
second generation (on soybean) adult emergence.

By applying the

treatments at this time, evaluation of the initial control against
adults of the first generation and nymphs of the second generation was
possible.

The timing of treatments also allowed for evaluation of

residual activity against nymphs, which hatched after application of
insecticides, and against the second generation adults, which represent
the reinfestation populations.
In each plot, adults were sampled at 2 and 12 days posttreatment
using 50 sweeps of a standard 38 cm diameter sweep net with a single
sweep consisting of one pass through a single row of plants (Kogan and
Pitre 1980).

Nymphs were sampled at 2 and 7 days posttreatment with a

modified version of the vertical beat sheet (Drees and Rice 1985) in
which the bottom trough width was extended to 0.3 m.

One vertical beat

sheet sample (0.91 m of row) was taken per plot on each sample date.
Vertical beat sheet samples were placed in plastic bags and transported
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to the laboratory for accurate counting of nymphs.

At 7 days

posttreatment, only two replications were sampled due to inclement
weather.

At 15 days posttreatment, nymphs were sampled with the beat

net technique (Chapter II).

This technique was utilized because it

collects more individuals per sample with less variation than the
vertical beat sheet (Chapter II). Beat net samples were placed in
plastic bags and counted in the laboratory.
j>. festinus adult and nymph counts for each sample date were
subjected to analysis of variance.

When significant differences at the

P=0.05 level Were indicated, means were separated with Duncan’s (1955)
new multiple range test.

RESULTS AND DISCUSSION
Significant (P<0.05) differences in adult population densities were
found among treatments on both sample dates (Table 1); however, at 12
days posttreatment, the adult population was over or close to threshold
density in all treatments.

Adult counts for the two organophosphorous

insecticides were not significantly (P>0.05) different from the check on
either sample date.

However, nymph counts were significantly (P<0.05)

different at 15 days posttreatment, with azinphosmethyl having a lower
population and methyl parathion a higher population than the untreated
check.
The organophosphorous insecticides were effective against the early
instar nymphs, which showed significant (P<0.05) reductions at 2 days
posttreatment (Table 2).

The lack of effectiveness against the later

instar nymphs is evidenced by no difference in the third through fifth
instar counts at 2 days posttreatment.

The azinphosmethyl treatment did

Table 1.

Insecticide efficacy against S_. festinus, Hamburg, La., 1985.

cl/
Adults/50 sweeps—

Nymphs per sample^ — ^
Days posttreatment

Days posttreatment
Treatment (kg Al/ha)

2 days

12 days

Azinphosmethyl (0.28)

11.3 be

56.8 cde

6.8 be

10.5 abc

10.5 cd

Methyl parathion (0.56)

14.8 b

73.3 ab

4.8 be

2.5 cd

27.0 a

2 days

7 days

15 days

Cyfluthrin (0.014)

6.5 cd

49.5 de

5.0 be

3.5 cd

11.0 cd

Cyfluthrin (0.028)

3.5 d

44.0 de

5.0 be

1.0 cd

4.5 de

Fenvalerate (0.084)

4.8 cd

51.5 de

9.5 abc

2.0 cd

9.0 d

Fenvalerate (0.112)

3.5 d

50.3 de

4.0 c

2.0 cd

7.8 de

Cyhalothrin (0.0336)

2.3 d

42.3 de

3.5 c

2.0 cd

5.5 de

Ambush^ (0.084)

16.0 b

57.3 cde

6.3 be

13.5 ab

17.0 be

c/
Pounce— (0.084)

12.0 be

59.3 bed

6.3 be

3.5 cd

20.0 b

Diflubenzuron (0.035)

26.8 a

84.5 a

13.5 a

19.5 a

23.0 ab

Table 1.

(continued).

a/
Adults/50 sweeps—

Nymphs per sample^ — ^

Days posttreatment

Days posttreatment

Treatment (kg Al/ha)

2 days

12 days

2 days

Buprofezin (0.56)

28.7 a

41.3 e

7.7 abc

3.5 cd

0.7 e

Buprofezin (0.37)

25.3 a

50.3 de

11.3 ab

0.0 d

4.0 de

Check

17.3 b

67.5 be

11.0 ab

8.5 bed

7 days

15 days

18.0 b

a/
— Means within columns followed by the same letter are not significantly different at
the P=0.05 level (Duncan's [1955] new multiple range test).
— ^ Nymphs were sampled with a vertical beat sheet (0.3 meter of row) at 2 and 7 days
posttreatment and with the beat net technique (Sparks and Boethel unpublished data)
at 15 days posttreatment.

Only 2 replications were sampled at 7 days posttreatment.

c/
— The two permethrin treatments are indicated by trade names*

Table 2.

Insecticide efficacy against J3. festinus nymphs, Hamburg, La., 1985.

Number of nymphs per sample^ — ^
2 days posttreatment
Treatment (kg Al/ha)

1-2 instar^ 3-5 instar^

7 days posttreatment

15 days posttreatment

1-2 instar

3-5 instar

1-2 instar

6.8 be

3-5 instar

Azinphosmethyl (0.28)

2.3 bed

4.5 abc

4.0 ab

6.5 abc

Methyl parathion (0.56)

1.3 d

3.5 be

0.5 be

2.0 be

Cyfluthrin (0.014)

3.0 bed

2.0 be

1.5 be

2.0 be

9.0 be

2.0 c

Cyfluthrin (0.028)

1.8 bed

3.3 be

0.0 c

1.0 be

4.5 bed

0.0 c

Fenvalerate (0.084)

5.5 ab

4.0 abc

1.5 be

0.5 c

8.3 be

0.8 c

Fenvalerate (0.112)

2.3 bed

1.8 c

1.5 be

0.5 c

7.3 be

0.5 c

Cyhalothrin (0.0336)

1.5 cd

2.0 be

1.0 be

1.0 be

5.5 bed

0.0 c

Ambush^ (0.084)

3.5 abed

2.8 be

4.0 ab

9.5 ab

9.3 be

7.8 ab

p/
Pounce— (0.084)

4.3 abed

2.0 be

2.0 abc

1.5 be

9.5 be

10.5 a

Diflubenzuron (0.035)

5.3 abc

8.3 a

5.5 a

9.8 b

13.3 a

14.0 a

16.3 a

3.8 be
10.8 a

Table 2.

(continued).

Number of nymphs per sample^ — ^
2 days posttreatment
Treatment (kg Al/ha)

• - d/
1-2 instar^ 3-5* instar—

7 days posttreatment

15 days posttreatment

1-2 instar

3-5 instar

1-2 instar

3-5 inst.

Buprofezin (0.56)

4.7 abed

3.0 be

1.0 be

2.5 be

0.7 d

0.0 c

Buprofezin (0.37)

4.7 abed

6.7 ab

0.0 c

0.0 c

3.7 cd

0.3 c

Check

7.0 a

4.0 abc

4.0 ab

4.5 be

8.3 be

9.8 a

a/

—

Means within columns followed by the same letter are not significantly different at the P=0.05 level
(Duncan's [1955] new multiple range test).

— ^ Nymphs were sampled with a vertical beat sheet (0.3 meter of

row) at 2 and 7 daysposttreatment

with the beat net technique (Sparks and Boethelunpublished data)
2 replications were sampled at 7 days posttreatment.
c/
— Total offirst and second instar nymphs.

—

Total ofthird, forth, and fifth instar nymphs,

e/
— The two permethrin treatments are indicated by trade names.

at 15days posttreatment.

and

Only
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show a reduction in the third through fifth instar counts at 15 days
posttreatment; however, this apparently resulted from control of the
early instars at the time of application.

The first and second instar

counts also indicated a lack of residual activity.

At 15 days

posttreatment, the early instar counts showed no significant (P>0.05)
difference between azinphosmethyl and the untreated check and an
increase in the methyl parathion treatment compared with the check.
This indicated that those individuals hatching 7-10 days after treatment
with the organophosphorous insecticides survived as well or better than
those in the untreated check.

The data in Table 2 also indicate that

the resurgence at 15 days posttreatment in the methyl parathion
treatment consisted primarily of early instar nymphs.

This presumably

resulted from a combination of a short residual effect on nymphs and
elimination of beneficials.

Although beneficial arthropods were not

counted in this study, Shepard et al. (1977) reported similar resurgence
of pest species in soybean after treatment with methyl parathion that
was attributed to removal of the natural biotic control agents.

The

lack of a resurgence of _S. festinus in the azinphosmethyl treatment may
be indicative of either a slightly longer residual activity or less
damage to the beneficial population.
The azinphosmethyl and methyl parathion efficacy data agree with
f

previous tests indicating short term control of adult jS. festinus with
reinfestation occurring as soon as 7 days posttreatment (Andrews 1986a,
Layton and Boethel 1986, Sparks and Boethel 1986).

However, nymph

counts indicated a portion of the 'reinfestation' actually developed
within the plots; this phenomenon would not be detected if only adults
were sampled.
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Of the pyrethroids examined, cyfluthrin, fenvalerate, and
cyhalothrin caused reduction of the adult population at 2 and 12 days
posttreatment; however, by 12 days posttreatment the population was
approaching or exceeding threshold density (Tynes et al. 1984).

The

total nymph counts (Table 1) in these treatments indicated a numerical
reduction compared to the untreated check on all three dates; however,
significant (P<0.05) reductions occurred only for cyhalothrin and the
high rate of fenvalerate at 2 days posttreatment and for all three
compounds at 15 days posttreatment.

With the exception of the low rate

of fenvalerate, all of these treatments were effective against the early
instars as demonstrated by the density reduction at 2 days posttreatment
(Table 2).

A lack of residual activity was revealed with no significant

(P>0„05) differences in the first and second instar counts compared with
the check at 15 days posttreatment.

At 15 days posttreatment, a

significant (P<0.05) reduction in the third through fifth instar counts
was observed; however, this presumably resulted from a combination of
slight activity against the later instar nymphs (as indicated by 7 day
counts) and control of early instar nymphs at the time of application.
Previous work with these compounds has indicated effective control and
residual activity with population reductions up to 14 days posttreatment
(Andrews 1986a, Andrews and Goddard 1986a and 1986c, Layton and Boethel
1986, Ratchford 1986, Sparks and Boethel 1986, Wilson and Quisenberry
1985 and 1986, Yanes and.Boethel 1985).

The apparent breakdown of

residual activity may have resulted from precipitation of 6.8 cm which
occurred over a two day period between the 2 day posttreatment sample
and subsequent samples.
Cyfluthrin and fenvalerate were evaluated at two rates each.
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Although the higher rate of both compounds resulted in numerically lower
populations, the differences were not significant (Tables 1 and 2),
which agreed with previous research (Sparks and Boethel 1986, Wilson and
Quisenberry 1985 and 1986).

This suggested the recommended rate for

fenvalerate (Tynes et al. 1984) may be lowered without a reduction in
efficacy.
The remaining pyrethroid, permethrin (Ambush and Pounce) had little
or no effect on the j>. festinus populations.

Both adult and nymph

population densities were not significantly (P>0.05) different from the
check on any date (Tables 1 and 2).
have produced conflicting results.
studies,

Previous tests with these compounds
In approximately half of the

festinus populations were reduced shortly after treatment

(Andrews 1986b, Andrews and Goddard 1986b, Sparks and Boethel 1986) and
in the remaining studies no reduction occurred (Andrews 1986a, Andrews
and Goddard 1986a, Ratchford 1986, Yanes and Boethel 1985).

Residual

activity against _S. festinus was not noted in any of these studies.
The diflubenzuron treatment had increased adult populations
compared with the check at 2 and 12 days posttreatment and increased
nymph populations at 7 and 15 days posttreatment (Table 1).

The high

nymph population levels indicated the population increase resulted from
better survival of individuals within the diflubenzuron treated plots
since nymphs are not readily capable of movement among plots.

Higher S^.

festinus populations after treatment with diflubenzuron have been
observed in previous research (Yanes and Boethel 1985); however, no
explanation for this phenomenon is available.
Buprofezin treatments resulted in increased adult populations at 2
days posttreatment; however, at 12 days posttreatment, a significant
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(P<0.05) reduction occurred with the high rate having the lowest
population of all treatments (Table 1).

Nymph counts demonstrated the

same phenomenon with high population levels observed at 2 days
posttreatment followed by a significant (P<0.05) reduction at 15 days
posttreatment (Table 1).

High populations of early and late instar

nymphs on the first sample date, followed by a numerical reduction of
both groups of nymphs afterwards were also observed (Table 2).

A delay

in action of buprofezin, which is a chitin inhibitor, is common because
death of an individual occurs only at the time of molting (Heinrichs et
al. 1984).

Although the higher rate of buprofezin resulted in lower

populations when compared with the low rate, both rates gave effective
control and the differences were not significant (P>0.05).

However, at

15 days posttreatment, the high rate of buprofezin was the only
treatment that produced a significantly (P<0.05) lower first and second
instar population level compared with the check.

A reduction in the

number of early instar nymphs at 15 days posttreatment suggests residual
activity against recently hatched nymphs and thus indicates a longer
residual activity for buprofezin compared with the other compounds in
this study.

No previous studies on control of _S. festinus with

buprofezin have been reported; however, the results of this experiment
indicate that buprofezin does give effective control of j>. festinus and
has longer residual activity than many of the currently used
organophosphorous and pyrethroid insecticides.
The results of this experiment indicate that effective control of
j3. festinus can be obtained with many of the compounds presently
available, but more important, the data demonstrate the added capability
to interpret efficacy study results if the nymphal population is
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monitored.

Because of the relative immobility of nymphs, monitoring of

the nymphal population allows for better detection of both initial
control and residual activity because individuals sampled within a plot
originate in that plot.

Conversely, adult counts can lead to

difficulties in the interpretation of results due to their mobility.
This is of particular importance in insecticide efficacy trials because
relatively small plots are generally utilized.
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CONCLUDING REMARKS
The threecornered alfalfa hopper, Splsslstilus festinus (Say), is
presently recognized as a pest of soybean throughout the southeastern
United States.

The research reported herein further establishes E>.

festinus as a late season pest in Louisiana; however, it shifts the
emphasis for sampling and control tactics from the adults of the second
generation on soybean to the nymphs which give rise to those adults.
The methodology for sampling nymphs and the action thresholds developed
in this study should allow for more effective timing of control measures
and better utilization of available resources for management of this
species.
Although significant progress has recently been made in
understanding the role of £. festinus within the soybean agroecosystem,
several questions concerning this species' interaction with the soybean
crop remain unanswered.

Perhaps the most pressing question is whether

£>. festinus is a direct or indirect pest.

Although we have established

that yield reduction occurs in association with high populations late in
the season, we do not know the actual mechanism of that reduction.

At

the time of year when yield reduction occurs, £. festinus girdles
lateral branches and petioles and feeds on the pedicels and peduncles of
pods.

Although the girdling damage is obvious, this may be a case

similar to earlier work which emphasized the obvious early season main
stem girdling and ignored the late season damage which has proven to be
more important.
Knowledge of the mechanism of yield reduction may also reveal the
possible interaction of £>. festinus damage with soybean phenology.

If

76

yield reduction is found to occur only within a narrow phenological
window in crop development, it may prove possible toavoid damage by
this insect by adjusting planting dates and maturity group

selection so

that £. festinus populations are at low levels when the plant is most
susceptible.

If such a damage window does exist, this knowledge would

also reduce the time spent in monitoring £. festinus and would aid in
the timing of control measures.
Further research on sampling may also allow an increase in the
utilization of available time for sampling.

Since sweep net sampling is

presently utilized to sample soybeans on a weekly basis throughout the
growing season in Louisiana, it may be possible to correlate early
season adult counts with the timing of development of damaging
populations and thereby reduce the period when sampling of nymphs is
needed.

Early season adult counts may also be correlated with the

probability of development of damaging populations and thus could
potentially eliminate the need for sampling nymphs in many cases.
The research presented in the previous chapters has contributed to
the growing knowledge concerning £. festinus and should result in better
management of this pest.
researchers to address.

However, the above questions remain for future
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Table 1.

Mean number of JS. festinus nymphs per vertical beat sheet

(VBS) sample in check plots and dates of treatment initiation,
Hamburg, La., 1983.

Variety

Number of S. festinus nymphs per VBS sample

Instars

25 Aug

31 Aug

7 Sep

16 Sep

29 Sep

1-2

16.25

5.00

2.00

2.50

1.00

3-5

2.50

6.00

12.75

13.75

6.75

1-2

19.50

6.00

3.50

1.50

0.25

3-5

1.50

6.25

20.00

15.50

2.25

Ransom

Bragg

+
Treatment
Date

1—

instar
17 Aug

+

+

3^- instar

Adult

29 Aug

14 Sep
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Table 2.

Mean number of S^. festinus nymphs per vertical beat sheet

(VBS) sample in check plots and dates of treatment initiation, Hamburg,
La., 1984.

________ Number of S. festinus nymphs per VBS sample_________
Instar

12 Jul

17 Jul

24 Jul

31 Jul

8 Aug

16 Aug

22 Aug

31 Aug

1

0.50

0.50

2.50

2.25

2.25

1.50

1.75

0.75

2

0.00

0.00

0.00

1.00

3.00

1.75

1.25

0.50

3

0.00

0.00

0.50

2.00

1.25

2.00

1.50

0.00

4

0.00

0.00

0.00

0.50

1.25

1.00

0.00

0.00

5

0.00

0.00

0.00

0.25

2.75

1.25

1.75

0.75

■f

Treatment
Date

st
1— instar
1 Aug

.j.

Adult
28 Aug
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Table 3.

Sequential sampling plan for S_. festinus nymphs

utilizing ground cloth sampling.

Cumualtive no. of nymphs

No. of
samples

<

>

5

11

78

6

20

87

7

29

96

8

37

105

9

46

114

55

122

10
11
12
13
14
15
16

T
R
E
A
T
M
E
N
T
N
0
T

64
73
82
91

C
0
N
T
I
N
U
E

100
109

17

R
E

118

18

Q
u

127

19

i
R
E
D

136

131
140
149
158
167

S
A
M
P
L
I
N
G

176

R
E

185

Q
u

194
203

145

212

21

154

221

22

163

230

23

172

239

24

180

248

25

189

257

20

T
R
E
A
T
M
E
N
T

i
R
E
D

81
Table 4.

Sequential sampling plan for nymphs utilizing beat net

sampling and negative binomial or poisson distributions.

Cumulative number of nymphs

<

>

<

>

5

25

83

38

71

6

36

94

49

81

7

47

105

60

92

8

58

116

71

103

69

127

82

114

samples

9
10
11
12
13

T
R
E
A
T
H
E
N
T

91
102
113
124

14
15

80

N
0
T

135
146

16
17

R
E

18

Q
u
I
R
E
D

157
168

138
C
0
N
T
I
N
U
E
S
A
M
P
L
I
N
G

149
160
171
182

T
R
E
A
T
M
E
N
T

T
R
E
A
T
M
E
N
T

193

R
E

204

Q
u
i

R
E

215
226

179

237

190

248

21

201

22

R
E
D

104
115
126
137

N
0
T

148
159
170

Q
U
I
R
E
D

125

93

181

C
0
N
T
I
N
U
E
S
A
M
P
L
I
N
G

136
147
158
169
180

R
E

191

Q
u
i

202
213

192

224

203

235

259

214

246

212

270

225

257

23

223

281

236

268

24

234

292

247

279

19
20

T
R
E
A
T
M
E
N
T

R
E
D

82
Table 5.

Sequential sampling plan £. festinus adults utilizing

sweep net sampling.

No. of

Cumulative number of adults

samples

5
6
7
8
9
10
11

T
R
E
A
T
M
E
N
T
N
0
T

<

>

210

237

255
300
345
390
434
479

12

R
E

524

13

Q
u

569

14

i
R
E
D

614

15

C
0
N
T
I
N
U
E

658

282
326
371
416

T
R
E
A
T
M
E
N
T

461
S
A
M
P
L
I
N
G

506

R
E

550

Q
u

595
640
685

i
R
E
D
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